XPS and TPD: Trace impurities, reversibility and high pressure exposures XPS spectra (O 1s and C 1s binding energy (BE) regions) of the clean Cu(100) surface are shown in Figure S1 . As seen in Figure S2 , traces of carbon monoxide and water are inevitably present in the TPD spectra (resulting from the background pressure in the UHV system). However, this contamination is negligible when compared to the TPD spectrum obtained after preparing the c(2×2)CO adsorption structure (0.5 ML coverage). By comparing the areas, the CO and H 2 O coverage from the residual gas can be estimated to be less than 1% of a ML.
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A TPD spectrum characteristic of the c(2×2)CO structure can also be successfully reproduced after exposing the sample in the spectroscopic cell to 1 mbar Ar for 40 min. Note that the minute amount of contamination, which the sample picks up during the UHV transfer process and during the 1 mbar Ar exposure (demonstrated by the weak elemental carbon feature observed by XPS at 284.5 eV in Figure S1 ), does not affect the well-ordered CO adsorption.
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Figure S1: XPS spectra of the clean Cu(100) surface and after 40 min exposure to 1 mbar Ar or 1 mbar CO in the high pressure cell. All XPS spectra were taken in UHV at 300 K.
Figure S2:
Several TPD experiments allowing to monitor the contribution from the residual gas, to test the reversibility of CO adsorption at low coverage and low temperature, and to confirm that the Cu surface was not altered by exposure to 1 mbar Ar at room temperature (i.e. that high pressure dosing did not induce artifacts). CO-TPD spectra were taken after cooling the Cu(100) sample from 300 to 120 K in 1×10 -7 mbar CO, i.e. ~40 L CO exposure.
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Figure S3: TPD spectra acquired after cooling the Cu(100) sample from 300 to 120 K in 1×10 Table S2 . Vibrational frquencies of CO on Cu 5 /Cu(100). 
